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LIQUID CRYSTAL DISPLAY APPARATUS 
"7 BACKGROUND OF THE INVENTION 
The present invention lelates lo a liquid crystal display 
apparatus, especially, to an active matrix liquid crystal 
display apparatus usiog a thin film transistor. 

Ad adive matrix type liquid crystal display apparatus has 
Hurt film transistors (TFT) in the vicinity of the mutual 
crossing points of a pluiality of scao lines and a P'^^ 
signal lines, and liquid crystal pixels are driven by the TFT 
on a substrste. The scan lines and the signal lines are 
connected lo external driver integrated circuits (1C). and are 
supplied with scanning signals and Image signals, selec- 
tively An image signal is applied lo the Uquid crystal by the 
TFT which is turned on by the scanning signal to display a 
designated iraage. 

As for the method* for connecting the external driver to 
ibe line on the substrate, there are a TAB method, which uses 
an organic resin him having a metallic wiring pattern, and a 
COG (Chip On Cl^s) method, wherein the external driver 
is diiectly connected to the substrate by soldering or by 
using metallic paste. One example of a COG method is 
disclosed in JP-A-5 113574 (1993). 

An example of methods wherein the Dumber of external 
drivers is decreased by integrating all or a part of the 
functions of the external drivers onto the substrate is dis- 
closed in -Densi Gijitsu (Electronics technology)" p. 
Jun (1993). and "Inter national Electron Devices Meeting 
Technical Digest, p. 38^-392 (1993). 

However, in the above prior art, reduced cost, a decrease 
Id power consumption, an improved display quality, and a 
decrease in the apparatus overall size are not fully consid- 
ered. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a high 
resolution active matrix Uquid crystal display apparatus 
having a i educed overall size and a low manufacturing cost 

In accordance with the liquid crystal display apparatus 
relating lo the present invention, a display region having a 
plurality of fiisl semiconductor elements, which are 
arranged in the form of a matrix, and a peripheral circuit 
region, having a plurality of second semiconductor elements 
for driving the first semiconductor elements, are formed on 
a glass substrate. 

Further, a driver circuit for driving the peripheral circuit 
is connected to the peripheral circuits at a designated region 
of the substrate. 

Thin film transistors for the first and second semiconduc- 
tor elements and a glass plate for the substrate are preferable. 

In accordance with a preferred embodiment of the present 
invention, a peripheral circuit region is composed of iTFT 
having a faster operating speed than the TFT used for the 
display region on the glass substrate, and the number ot 
drivers is limited to at most two. 

A driver is connected directly lo the substrate by a COG 
method. On account of the COG mounting, the strati on 
resistance and anti shock properties are improved. Thinning 
of the casing-wall material of the liquid crystal display 
apparatus car* be achieved. Thus, the overall size of the 
liquid crystal display apparatus can be decreased. 

Because the number of drivers is limited lo one or two. the 
length of the wiring on the glass substrate can be nnnimtfed. 
Usually, the wiring has a large sheet resistance because the 



wiring is made of the same thin film as the electrode material 
of the TFT. However, the voltage drop and voltage fluctua- 
tion due lo the wiring resistance can be reduced by the 
shortened wiring. 

As high speed operation is required for the driver, the 
driver is preferably composed of semiconductor elements 
formed of single crystal silicon. 

The thermal expansion coefficient of the glass substrate is 
larger than the thermal expansion coefficient of the quartz 
substrate by one order, and is almost the same as the driver 
made of single crystal silicon. The registration for connect- 
ing the driver and the substrate is improved, and miniatur- 
ization of the connecting pitch, reduction of the connecting 
resistance by enlarging the effective connecting area, a 
decrease in defects in the connecting process, and a decrease 
in the lime required for the connecting process become 
possible. Breakage of the driver and the substrate, and 
peeling off at the connecting portion caused by thermal 
stress also can be reduced. 

FIGS. 18 and 19 show an equivalent circuit and a driving 
waveform of a pixel, respectively. Opera! ion of the TFT can 
be divided into three parts, that is. (I) a period for charging 
a liquid crystal capacitor to the signal voltage through the 
pixel TFT. (2) a period for retaining the charged voltage, and 
(3) a moment for switching from (1 ) to (2). The liquid crystal 
capacitor CLC is connected to a source of the TFT in parallel 
to a storage capacitor CAD. Image signal VDd for dri ving 
the liquid crystal is charged to a drain of the TFT. The TFT 
closes the circuit in response to the gate signal VGn. The 
liquid crystal capacitor is charged through the closed circuit 
TFT. and the potential Vs is elevated to a level of Vd. The 
liquid crystal is charged to a level represented by the 
difference voltage between the potential VCOM at the 
common electrode on the counter substrate side and the 
voltage Vs. Transmittance of the liquid crystal is controlled 
by a time averaged value of the difference voltage. Le. an 
effective vollage. The transmittance of a respective pixel is 
controlled independently to display an image as a whole on 
the LCD. In order to display an image normally, it is ideal 
thai the vollage applied from an external source Vd is equal 
to the electrode potential of the liquid crystal Vs. However, 
actually, the wave shape of the voltage Vs is deformed in 
accordance with the operations (1). (2). and (3) and so a 
difference is present between Vd and Vs. In order to reduce 
the deformation caused by the operation (1), the charging 
power of the TFT must be increased. That means, the 
mobility roust be improved. Further, increasing the ratio of 
the channel width to the channel length (W/L) of the TFT is 
also effective. Id order to reduce the d^fcrmation caused by 
the operation (2). the off- state current of the TFT must be 
decreased, and the W/L must be reduced. Normally, as the 
off-state current is related to the mobility, the mobility of the 
TFT having a low off- stale current tends to be low. In order 
to reduce the deformation caused by the operation (3). 
reducing an overlapping width of the gate and the source and 
reducing the channel width are effective. The less the area of 
the TFT is, the possibility of a short circuit between lines 
becomes less. Also, the aperture ratio becomes high as the 
size of the TFT is reduced. Accordingly, in the case of a 
transmission type liquid crystal display apparatus, the 
brightness of the display panel is increased The deformation 
caused by the operation (3) becomes small as the size of the 
TFT is reduced. Therefore, it is desirable to reduce the 
occupied area WL of the TFT by decreasing the width Wand 
the length L of the TFT as much as possible. It is ideal if the 
sizes of both the width W and the length L are set to the 
smallest possible size in the TFT manufacturing process. 



However, in consideration of the char act eristics of a con- 
ventional TFT. ibe width W and the length L have not been 
scr at an equal size. In the case of a-Si TFT having a low 
mobility which is at most 0.4 cmVVsk. the W/L ratio has 
been set by sertiog the length L as the smallest size for the 
manufacturing and tbe width W larger than the length L. for 
example, normally approximately five times the of the 
length L. On the other hand, in the case of p-Si TTT having 
a high mobility which is at least 10 and has a high off 
current, the W/L ratio has been selected by setting the length 
L as the smallest size for the manufacturing and the width W 
larger than the length L. usually approximately five times 
that of the L. As a result, the area occupied by the TFT 
became normally more than five times thai of the minimum 
manufacturing area Wll. Especially for the p-Si TFT. a 
multi-gale structure (a plurality of tbe TTTs are connected in 
a series), or a LDD (Lightly Doped Drain) structure was 
adopted. The above described p-Si TFT structure increased 
the occupied area of the TFT. On the other band, the W/L 
ratio of the TTT becomes approximately two times thai of 
tbe jnaximura manufacturing area WL by setting tbe mobil- 
ity of the TFT of a pixel in a range of 0.6 cmVVs to 5 
cm 2 /Vs. Thus, the occupied area of the TTT can be less than 
a half of the conventional area. When peripheral circuits arc 
integrated, il is necessary to consider the delay time of a 
signal by tbe peripheral circuits. That is. when the peripheral 
circuits are integrated, the TFT of the pixel is necessitated to 
complete tbe charging tbe liquid crystal in a time less than 
approximately a half of the case when the peripheral circuits 
are not integrated- Accordingly, it is necessary to increase 
the charging power of tbe TFT of a pixel. i_e. the mobility, 
to a level which is higher in comparison with the case when 
the peripheral circuits are not integrated. Especially, when 
the mobility of the TFT of tbe peripheral circuits is low. the 
delay lime by the peripheral circuits increases, and 
accordingly, the mobility of the TFT of a pixel must be 
enhanced. When the mobility of the TFT of the peripheral 
circuit is in a range from 100 crn 2 /Vs to 300 cmVVs. liquid 
cry s La] driving with do voltage deformation becomes pos- 
sible by setting tbe mobility of tbe TFT of a pixel in a range 
from 0.4 croVVs to 5 cm 2 /Vs. When the mobility of tbe TFT 
of the peripheral circuit is in a range from 30 cm 2 /Vs to 100 
cm 2 /Vs. the mobility of the TFT of a pixel is set in a range 
from 0.7 cmVVs to 5 cmVVs. When the mobility of the TFT 
of the peripheral circuit is in a range from 10 cmVVs to 30 
cm 2 /Vs. the liquid crystal driving with no voltage deforma- 
tion becomes possible by setting the mobility of the TFT of 
the pixel in a range from 1 cm /Vs to 5 cmVVs. 

Among the above-mentioned three sources of tbe voltage 
deformation, the voltage fluctuation caused by tbe operation 
(3) (referred to hereinafter as a through voltage. Vcgs) is tbe 
result of a change in the gate voltage which is revealed at Che 
source electrode through the gate source capacitance of tbe 
TFT. That is. Vs decreases by Vcgs from the leveJ Vs=Vd in 
the operation (1). When the gale voltage is a rectangular 
shaped wave with no deformation, the value Vcgs is 
expressed by the following equation; 

Vcgs=Vgh.Cgs/(Cgs4<X) 
where. Cgs is the capacitance between the drain and source 
of the TFT. CL is the liquid crystal capacitance (and a sum 
of the storage capacitance), and Vgh is the height of the gate 
voltage. Actually, a significant time is necessary for chang- 
ing tbe gate voltage from a high level lo a low level. During 
the changing period, the TFT shows a weak conductive stale. 
The conductive slate tends to recharge the value Vs to tbe 
level of VA Therefore, the actual value of Vcgs becomes 
smaller than a value calculated by the above equation. Tbe 



voltage increase Vr due to tbe recharging is proportional to 
a product of an amount of deformation in the gate signal and 
the charging power of the TFT. i.e. the mobility. The amount 
of deformation in the gate signal changes in the display 
plane. That means that, when the gate voltage is applied at 
an end portion of the scan lines at the display portion, tbe 
amount of the deformation increases as the gate signal 
travels to the other end portion of the scan lines by the effect 
of the line capacitance and line resistance. Accordingly. 
Vcgs has a distribution in the plane, that is. the display 
becomes oon- uniform. Especially, when tbe line capacitance 
and the line resistance increase in accordance with an 
increase in the display area, such as at least three inches, the 
above non-uniformity becomes significant. The dod- 
uniformity becomes further significant when the charging 
capacity of the TFT is large. In a case when the peripheral 
circuit is integrated, the amount of deformation of the 
scanning signal which is supplied to the display portion 
becomes larger than thai of non-integrated case. Therefore, 
ihe Don-unif crmify becomes a serious problem. When the 
number of gray scales increases, reversal of the gray scales 
is generated, and a normal display becomes impossible. In 
order to solve tbe above described problems, tbe mobility of 
the TFT of the pixel is set at most at 5 cm 2 /Vs. preferably 
at most at 3 cmVVs. 

The manufacturing rule of the driver pattern can be at 
most 1 um. preferably at most 0.5 urn. by setting a dynamic 
range of tbe liquid crystal driving source voltage of the 
image signal driver at most at 5 V. preferably at most at 3 V. 
Accordingly, the area of a chip can be reduced remarkably. 
The manufacturing size of the driver is smaller than the 
rnanufacturing size of tbe TFT by one order. In accordance 
with the above rnanufacturing requireinent, tbe chip can be 
reduced farther in size and in consuming power than a case 
when all of the driving functions are integrated on the 
substrate. Further, the outer size of the liquid crystal display 
apparatus can be reduced remarkably. The area of the chip 
can be reduced to at most 0.1 mm 2 per pin output An output 
greater than 200 or 300 pins per driver becomes possible. 
The liquid crystal display apparatus can be driven by one or 
two drivers and the peripheral circuits. A display informa- 
tion generating circuit and memory circuits for generating 
display information can be included in a driver. Tbe display 
information generating circuit and the memory circuits for 
generating display infermatjon can be integrally formed by 
the same process as for tbe liquid crystal driving voltage 
generating circuit 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages of the 
present invention will be understood more clearly from the 
detailed description with reference to the accornpanying 
drawings, wherein: 

FIG. 1 is a schematic plan view of a liquid crystal display 
apparatus forming an ertibodiment of the present invention; 

FIG. 2 is a partial plan view of an active matrix substrate; 

FIG. 3 is a cross sectional view of a structure of the liquid 
crystal cell taken along the line HI — HI in FIG. 2; 

FIG. 4 is an equivalent circuit of the pixel and tbe 
peripheral circuit of the liquid crystal display apparatus 
shown in FIG. 1; 

FK3. 5 is a partial plan view of the peripberal circuit 
shown in FIG. 1; 

FIGS. 6<o). 6<6). 6(c). 0(d). 6<r). and 6(/> are cross 
sectional views at each the steps in manufacturing of the 
TFT; 
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FIG. 7 is a cioss sectional view of a connecting portion of 
the peripheral circuit including a driver according lo ao 
embodiment of the pie sent invention; 

FIG. 8 is a cross sectional view of the liquid crystal cell 
using PDLC; 

FIG- 9 is a perspective view showing the structure of the 
liquid crystal display apparatus forming an embodiment of 
ihe present invention; 

FIG. 10 is a perspective view showing the structure of an 
information processing apparatus of an embodinieDl of the 
present invention; 

FIG. 11 is a partial plan view of the active matrix 
substrate; 

FIG- 12 is a cross sectional view of structure of the liquid 
crystal cell taken along tbe line XH— XII in FIG- 11; 

FIG. 13 is a cross sectional view of structure of the liquid 
crystal cell; 

FIG. 14 is a perspective view showing the structure of tbe 
information processing apparatus; 

FIG. 15 is a perspective view showing the structure of the 
information processing apparatus; 

FIG. 16 is a perspective view showing the structure of tbe 
information processing apparatus; 

FIG. 17 is a signal wave form diagram of the liquid crystal 
display apparatus; 

FIG- 18 is an illustration showing an equivalent circuit of 
a pixel; and 

FIG. 19 is a driving wave form diagram of a pixel 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention are 
described in detail hereinafter. 

FIG- 1 is a schematic plan view of the liquid crystal 
display apparatus in the first embodiment of tbe present 
invention. A display region 40 of an active matrix type is 
mounted on a glass substrate 10. and an image signal side 
peripheral circuit 51 and a scanning signal side peripheral 
circuit 52 are integrated at tbe periphery of the display 
region 40. Further, a driver for the image signal 21 is 
mounted on the substrate by a COG method. Signals from an 
interface circuit, which is not shown in tbe figure. located at 
a rear side of tbe substrate, are led by a flexible print circuit 
(FPC). which is connected to an end of thin film line 55 on 
the glass substrate. Another end of the thin film line 55 is 
connected to an image signal side peripheral circuit 51 and 
a scanning side integrated circuit 5Z. All of the above 
members are enclosed in a case 90 to form a liquid crystal 
display apparatus. 

FIG- 2 is a plan view of a pixel in the display region. FIG. 
3 is a cross sectional structure taken along the line III — ID 
in FIG- 2- The TFT 101 is an invert staggered type TFT 
having an active layer 110 made of hydrogenated amorphous 
silicon (a-Si). The active layer, a source electrode 120. and 
a drain electrode 130 are connected through contact layers 
125. 135 made of n+ type a-Si. The source electrode 120. the 
drain electrode 130 and the image signal line 137 have a 
double-layer structure made of molybdenum 137 and 1TO 
137fc. Gate electrode 113 and the scanning signal line 111 are 
made of aluminum Gale insulating film 140 is made of SiN. 
The liquid crystal 200 is TN-type. and is enclosed between 
the glass substrates 10 and 12- Alignment layers 205. 207 are 
respectively formed so as to face the planes of the glass 
substrates, and the alignment directions of the liquid crystal 
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are rotated so as to cross mutually by 90 degrees in a gap 
between the two glass substrates. Back lights, which are not 
shown in the figure, are located at the rear side of the glass 
substrate 10 to project light lo the liquid crystal. At outer 
sides of the glass substrate, polarizers 210. 212 are provided 
The amount of transmissive light is controlled by a voltage 
applied to the liquid crystal to cause an image to be 
displayed- An end of the respective scanning signal line and 
image signal line is connected to the peripheral circuit at a 
peripheral portion of the glass substrale. 

FIG. 3 is a cross sectional view of a cell for a pixeL 
wherein the liquid crystal is enclosed in a space between the 
active matrix substrate and facing another substrate. On the 
surface in contact with tbe liquid crystal of the glass sub- 
strale 10. the TFT. the pixel , electrode 150. tbe protecting 
film 145. and other numbers are formed by the same method 
as indicated above. On the above members, the alignment 
layer 205 for aligning orientation of the liquid crystal 
molecules is formed by spin coaling and a rubbing treat- 
ment At the opposite surface of the above plane, tbe 
polarizer 210 is formed. At tbe inner surface of the counter 
substrate, a black matrix made of chromium for shielding 
light which has leaked from a region other than the pixel 
electrode, a color filter 152 formed by roll-coating of an 
organic resin and subsequent dyeing, counter electrodes of 
1TO. 170r and 17 0#. and an alignment layer 207 are respec- 
tively formed in this order. Al the outer surface, the align- 
ment film 212 is formed. Beads are spread between the two 
substrates to make the gap between the substrates approxi- 
mately 5 urn, The periphery of the substrates is provided 
with a resin coating, although it is not shown in the figure, 
and subsequently, a nemalic liquid crystal is filled into the 
gap and sealed. The polarizing directions of the polarizers 
210 and 212 arc so arranged as to cross at a right angle, and 
the rubbing directions of tbe alignment films 205 and 207 are 
arranged so as lo cross at a right angle. The display mode is 
normally a white mode, wherein light transmits through tbe 
liquid crystal when a voltage as not appb'ed. 

FIG- 4 is an equivalent circuit of the peripheral circuit and 
a display region having vertical 240x1 al era! 320 pixels 
(240x320x3 colors dots). Both the image signal side periph- 
eral circuit 51 and the scanning signal side peripheral circuit 
52 are of the switch matrix type. Taking the image signal 
side circuit for example, the image signal from the driver 
and Vddl-Vdd240 are branched by the TFT so as to be 
supplied to tbe image signal lines and tbe scanning signal 
lines. Branching of the signal is controlled by a switching 
operation of tbe TFT involving sampling of clock pulses 
from CL1 to CL4. The scanning signal side circuit is 
composed in the same manner as the scanning signal from 
tbe driver, and Vgdl-Vgd 24. are branched to 240 scanning 
signal lines from Vgl to Vg240 by 10 clock pulses. The 240 
image signal lines are driven by 240 image signal terminals, 
and 960 image signal lines and the 240 scanning signal lines 
are driven by 24 scanning signal terminals. That means, the 
number of the driver IC and connection can be reduced to an 
amount equal to or less than V*. 

FIG. 5 is an illustration showing a partial plan structure of 
the peripheral circuit at the image signal side. The circuit 
portions corresponding to four image signal lines from 4n+l 
row lo 4o+4 row are shown. Connecting terminals of the 
driver are connected to the drain electrodes 330 of the four 
TFT301. The source electrodes 320 of the circuit TFT are 
respectively connected lo the corresponding storage capaci- 
tor 302 and the image signal line 137. Clock lines CLI. Cl_2. 
CL3. and CL4 correspond to the scanning signal lines in the 
display portion, and are connected to the gate electrode in 
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ihc circuit TFT. The clock line has a twice ben! shape in 
order to reduce the circuit area. Therefore, the length of ibe 
line is Id creased. In order to make the line resistance equal 
to the other two lines, the width of the clock lines was made 
wide. Accordingly, a fluctuation of the displayed color 
caused by a mutually different delay time can be avo ided. 
The structure and manufacturing process of the circuit TFT 
is the same as the TFT of the display portion, except for the 
active layer, which is made of laser annealed poly- silicon. 
Tbat is. the source and drain electrodes and lines are 
composed of two- layer lines made of metals and ITO. 
wherein a silicon layer is deposited under the line layer. The 
channel 310 of the TFT was shaped as a U-lctter. 
Accordingly, the width of the channel can be increased twice 
without increasing the parasitic 'capacitance between the 
gate sources. Tbat means that the driving power of the circuit 
can be increased without increasing the effects of the gale 
voltage wave forms. The structure of the storage capacitor 
302 is the same as the structure of the display portion. The 
above -explained circuit patterns are aligned with a total of 
240 per four image signal lines. In this case, the circuits can 
be divided into blocks smaller than the width of a laser 
beam, as shown in FIG. 1 . and each respective block can be 
arranged separately with an interval of 100-500 pro between 
respective blocks. In the above case, the effects of fluctua- 
tion in characteristics of the TFT at overlapped portions of 
the laser beam in the laser anDealing process can be reduced. 
The peripheral circuit on tbc scanning side is composed 
approximately in the same manner as FIG. 5. The only 
difference concerns the connecting points of the source of 
the circuit TFT and the scanning signal lines. La the gate 
metallic layer. Tbat is. it concerns tie connecting points of 
lines in mutually different layers. 

Next, a rnanulacturing method of the liquid crystal dis- 
play apparatus will be explained herein after. 

FIGS. 6(a). 6(fc). 6(c), and *</> mz mss 

sectional views showing the configuration at each of the 
main steps in the manufacturing method of the TFT for the 
display portion of the present invention. The TFT for the 
circuit portion is manufactured by approximately the same 
method as the above described method. In any case, the 
TFT101 is formed on the glass substrate 10. Tbc glass 
substrate 1 1 is made of Si0 2 as a main component, including 
Al CV B 2 0 3 by respectively 11%. 15%. and other oxides 
by 2 25%. The strain point is 593° C. and the tficrmal 
expansion coefficient is 46x 1 0~ 7 /k, 

Frrst. a criromiuiii film is formed to 120 run thick on the 
glass substrate 10 by a sputtering method, and an unneces- 
sary portion is eUininaied by phot orthography to form the 
gate electrode 113. Tbc etching agent is a eerie nitrate group 
ct chant. Subsequently, a SiN film 140 and a Si film 110 are 
continuously deposited, respectively, at the substrate tem- 
perature of 300° C 10 350 nm thick and 270° C. to 40 nm 
thick by a plasma CVD method. Then. a-Si film in only the 
region where the peripheral circuit will be formed is crys- 
tallized by laser annealing using an XcCl excimer laser. The 
laser irradiation was performed in a vacuum with an energy 
density of 200 mJ/cm 2 . In order to prevent deterioration of 
the characteristics of the a- Si TFT. healing for debydroge- 
nation treatment before the irradiation is not performed. 
Further, heating of the substrate during the irradiation is not 
performed for the same reason. Conversely, when depositing 
the a-Si films, the hydrogen concentration in the film was 
kept at least al 15%, especially the concentration of hydro- 
gen connected with silicon atoms in a chain like (SiH^ was 
kept high, and a poly-Si TFT having preferable character- 
istics was obtained- The bond structure of hydrogen can be 
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evaluated by an infrared absorption spectrum, and a desir- 
able absorbing peak wave number is in a range from 
202(ycra to 2060/cm. preferably from 203G/cm to 2050/cm. 
By selecting such a wave number, the mobility of the TFT 
can be made 10 be 10 cm/Vs . 

Next, the laminated films made of SiN 140 and a-Si 110 
are manufactured as an island (FIG. 6 (o)> so as to cover the 
gate electrode by photolithography. For the etching, a dry 
etching method using a mixed gas of trifluorocbJctf-ocarbon 
(CCIF3) and oxygen was used. If an a-Si film containing a 
large amount of hydrogen in the peripheral region is 
annealed using a laser, the surface of the film becomes 
roughened, and some tiroes pin boles arc generated. In the 
above case, there is a possibility that the e tenant comes into 
contact with the gate insulating film. In the present 
cmbc*liment. the etching was performed using a dry etching 
method, which had a small etch rate with SiN. Therefore, 
even if a pin hole exists in the silicon, damage to the gale 
insulating film does not occur. 

Subsequently, a molybdenum (Mo) film of 200 nm thick 
is deposited at a substrate temperature of 160° C by a 
spattering method. At the boundary of the a-Si and the Mo 
films, a silicide layer MoSi 127 is generated by a solid phase 
reaction between the a-Si and Mo. Then, the Mo film is 
treated with a pnotoetching process using a mixture of 
phopboric acid and acetic add (PAN solution). That means 
thai other portions than the channel portions 125. source 
electrode portions 1201?. drain electrode portions 13©fc, and 
signal line portions 1 Ofc will be eliminated (FIG. 6 t»). The 
silicide layer. MoSi. remains at the surface of the a-Si film, 
because MoSi is insoluble in the PAN solution. Then, highly 
doped silicon layers (contact region) 135 are forrrjed by 
ixrrplanting phosphor (P) atoms in the a-Si film using an ion 
doping method (FIG. 6 (c)). An ion irradiation apparatus of 
non-mass separated type was used for the ion doping, and 
helium diluted phosphine was used as a low material gas. 
The acceleration voltage was 1 0 kV. and the ion dose was 
10* 'atoms/cm 2 . In the above case, if the substrate tempera- 
ture is elevated to 300° C for example, the P atoms doped 
into the a-Si are activated, and additional activation, such as 
laser irradiation or heat treatment, can be omitted. Naturally, 
the additional activation treatment, such as heat annealing, 
may be optionally performed to improve the characteristics. 

Subsequently, an TTO film of 140 nm thick is deposited al 
a substraie temperature of 220° C. by a spattering method. 

The ITO film is fabricated in the shapes of the pixel 
electrodes 150. source electrodes 120a. drain electrodes 
130o. and signal lines 137 (not shown in the figure) by 
lithography using HBr solution (FIG. 6 (</)). Then, using a 
respective ITO electrode for a mask, the Mo film is elimi- 
nated by etching using the PAN solution. That means 
eliminating the Mo at channel portions of the TFT which arc 
not covered with the ITO (FIG. 6(e)). Then, the MoSi at the 
channel portion is elitninaled by a plasma asher using 
oxygen or dry etching using chlorine or trifluorocarbon. for 
example. In the above case, the characteristics of the TFT 
obtained by using the oxygen asher is preferable, and the 
oxygen asher is desirably used for the process. It is assumed 
that plasma damage to the a-Si film and over etching can be 
prevented by forming a stable very thin oxide film on the 
surface simultaneously with elijnination of tbe silicide. and 
further, the capture level at the surface can be reduced. The 
film thickness of the oxide film in the above case is desirably 
at most approximately 30 nm, and preferably at most 10 nm. 
in order to suppress generation of stress. Subsequently, a SiN 
film 145 is deposited by a plasma CVD method to provide 
a protecting film for the TFT. Finally, although the procedure 
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is ooi shown, the SiN film is photo- etched in the same 
manner as the gate insulating film 10 expose terminals of th e 
signal lines and the gate lines for completion of the TFT. 

In accordance with the present embodiment, the storage 
capacitor 102 is formed by using the pixel electrode 150 and 
the gate line J 12 in a row adjacent to the pixel electrode 150 
as for electrodes, as shown in the plan view of FIG- 2. The 
storage capacitor is connected in parallel with the liquid 
crystal capacitor and has an effect to prevent a voltage effect 
due to leakage current when the liquid crystal is driven by 
the active matrix substrate of the present invention. 

In the above embodiment, the source electrode and the 
drain electrode are provided on the gate electrode and the 
semiconductor, but the shape of the electrodes can be altered 
without departing from the spirit of the present invention. 
For example, the metallic layers of the source electrode 12©£ 
and the drain electrode 130b are not retained on the silicon 
film, but contact only by laminated layers of n+SL silicide. 
and ITO can be used. 

In the above embodiment, chromium was used as a 
material for the gate electrode. However, other metals, such 
as. for example. Al. Cu. Ta. Ti. and others, and their 
laminated films, or their alloys, can be used. Wben the Al 
and Cm group is used, the line resistance is decreased, and 
accordingly, uniformity in a plane of the displayed image of 
the LCD can be improved. 

in the present embodiment, the SiN film was used fox the 
gate insulating material, but films made of Si0 3 . SiON and 
others may be usable. When one of Al and Ta is used as the 
material for the gate line material, as improved withstand 
voltage and prevention of a short circuit of the insula ting 
film can be realized by using the oxide film obtained by 
anodic oxidation of Al. Ta as laminated films. 

In the above embodimenL the semiconductor film was 
made of an a- Si film by a plasma CVD method, or a 
polycrystalline Si film obtained by a laser annealed s-Si film. 
but other materials and other methods can be used for the 
semiconductor. For instance, a Ge film deposited by a 
plasma CVD method using germane gas for the material gas. 
or a mixed crystal film or super structured film of Ge and Si 
can be used fox improving the characteristics of the TFT. 

As for the method of depositing the semiconductor film, 
any of a reduced pressure CVD method with no plasma 
damage, a spanering method capable of reducing the hydro- 
gen content in the film, or an ECR-CVD method can be used 
for preventing instability of the film and decreasing the 
process temperature. As for the semiconductor film, a micro- 
crystalizcd film of Si can be used for obtaining high mobil- 
ity; The TFT having high mobility can be obtained by 
annealing the semiconductor film by heating or laser pro- 
cessing to form a polycrystalline film. In the above case, 
even if the hydrogen content in the film before the annealing 
is high, a defect of the gate insulating film due to pin holes 
in the crystallized film will hardly be generated. 

In the present embodiment. Mo was used for the source 
drain electrode. However, other metals, such as Ti, Ta. Or. 
Pd. Mo. Co. Ni and Pi any of which reacts with the 
semiconductor to form a silicide or germanium compound, 
can be used. Further, alloys and laminated films including 
the above metals can be used 

FIG. 17 shows an outline of the driving wave forms of the 
liquid crystal display apparatus al four rows at the left most 
ends of the display portion. The circuit TFTs are turned on 
in order by the clock signals CL1/CL2. CL3. and CL4 in a 
front half tLl of the line selecting time tL <35 us) of the 
pixel. Correspondingly, the driver switches the data Vddl in 



10 

a time of V* of the line selecting time tL. The image signals 
Vdl. Vd2. Vd3. and Vd4 are charged to respective signal 
lines. The above signals are charged to liquid crystal capaci- 
tors by the TFT of the pixel at a back half time tL2. The 
image signal VD supplied by the signal line (drain line) is 
applied to the liquid crystal by making the pixel TFT 
(orderly scanning line) conductive by applying a voltage in 
order (from VGd_, to VGn. and subsequently the next row. 
although it is not shown in the figure) to the gate lines (scan 
lines). The liquid crystal is driven by a voltage representing 
the difference between the potential VCOM of the common 
electrode al the counter substrate side and VDn. and thereby 
the light transmitlancc at the pixel is changed. The trans- 
mitlance is controlled independently for each respective 
pixel, and an image is displayed as a whole on the LCD. 

FIG. 9 is a schematic perspective view of a liquid crystal 
display apparatus using the above-explained liquid crystal 
The driver 21 is mounted on the active matrix substrate 10 
of the liquid crystal cell by a COG method. The driver 21 has 
a function to generate the scanning signal the image signal, 
and the dock signal. Output terminals of the driver are 
connected to the scanning side peripheral circuit 51 and the 
image signal side peripheral circuit 52. The signal and power 
source for driving the driver 1C. is supplied from the printed 
substrate 430 through a flexible print circuit (FPC)- On the 
printed substrate, a signal processing circuit composed of 
ICs. such as a timing converter and other members, and a 
gray scale voltage generating circuit 410 corresponding to 
respective gray scales, which are displayed by the liquid 
crystal are mounted. Back lights 440 were provided at the 
rear side to the active matrix substrate. As shown, the driver 
21 is outside of the region covered by the other substrate 12. 
The above described members were enclosed in a case 5K>. 

FIG. 7 is a schematic cross sectional view of the driver 
and the glass substrate formed by a COG method. Among 
various COG methods, a microcoding method was used. 
An AU bump 350 is formed at the output terminal of the 
driver 21. and the bump is directly connected to the I 
terminal 351 of the image signal line on the glass substrate 
10- The driver is fixed by a UV- curable polymer 358 which 
is applied between the driver and the glass substrate. The 
resin shrinks at curing, and the AU bump and the ITO 
terminal 351 are directly pressure welded by compressive 
stress. Contact resistance of the microbumpbonding is 
approximately 1 ohm. A reduction of the line resistance was 
accompli shed by laminating chrornium for the gate line 
material, molybdenum for the image signal line material 
and ITO. The liquid crystal panel terminal and the interface 
circuit are connected by the FPC. (base material 80a. copper 
foil 806). The peripheral circuit is formed within a vicinity 
of 2 mm wide of the seal 352 of the liquid crystal cell. The 
vicinity of the seal has non-uniform display characteristics 
because of impurities contamination, non-uniform rubbing, 
and other reasons. Further, in consideration of manufactur- 
ing preciseness. the seal and a region of approximately 2 mm 
wide inside the seal are formed as a non-display region. 
Conventionally, the above non-display region has been a 
dead space. However, in accordance with the present 
invention, the region is utilized for the peripheral circuit 
Accordingly, the outer size of the Liquid crystal display 
apparatus can be reduced relative to the size of the display 
region. In the present embodiment, a switch matrix type 
circuit was used as the peripheral circuit The consuming 
power of the above circuit is smaller than that of the shift 
register circuit using an invertor. Accordingly, heat genera- 
tion at the circuit is small, and the liquid crystal is not heated 
locally and has an uniform temperature distribution even if 
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the circuit is formed in the liquid crystal cell. Therefore, 
uniform display without irregular display can be obtained. 

In accordance with the present embodiment, a PDLC 
liquid crystal (Polymer Dispersed Liquid Crystal) can be 
used for the liquid crystal. The PDLC is a polymer film of 
which pores are filled with liquid crystal material, and is 
obtained by phase separation of a homogeneous solution of 
the liquid crystal material and the polymer material by 
polymerization reaction. For instance, the liquid crystal was 
Er8 made by BDH Co.. and a mixed solution of 2-ethyIhexyl 
aery late, ur ethane aery late, and pbotoporymerizatioQ initia- 
tor was used as for the polymer material After filling the 
mixed solution into the liquid crystal cell, the PDLC was 
obtained by photopolymeri^aiion. In the above case, the 
polarizers 212. 210. alignment films 207. 205 in FIG. 3 
become unnecessary. By omitting the polarizer, the trans* 
missivity increases by two times, and an improvement in the 
display brightness and a reduction in tbe power consumption 
can be realized effectively. 

Further, tbe area per connectiiig terminal can be increased, 
malfunction can be prevented, and consuming power can be 
decreased. Also, the manufacturing yield can be improved, 
especially a remarkable improvement is achieved in the case 
of so-called chips of the string shape, which is a large size 
driver chip having multi -terminals with a small width. 
Therefore, further multiplying the terminals and thinning the 
width of the string chip become possible. Tbe width of tbe 
non-dispLay region at outer periphery of the liquid crystal 
display apparatus can be decreased. The size of the display 
region can be increased relative to tbe outer size of the liquid 
crystal display apparatus. 

In accordance with the present embodiment, a ratio of the 
channel width and the channel length of the TFT of the pixel 
can be made I by setting the mobility of the TFT at the 
display portion in a range from 1 to 3 cmVVs and by setting 
tbe off- stale current to 100 pA. Accordingly, the aperture 
ratio of tbe display region is increased, the panel brightness 
is improved, and the power cc« sumption of the back light 
can be reduced. A signal of 30 MHz can be generated by 
making the mobility of tbe driver 800 cmVVs. Operation of 
the switch matrix circuit becomes possible by making the 
mobility of the peripheral circuit fall in a range from 10 to 
30 cm 2 /Vs. Further, a fluctuation of the voltage change in the 
plane due to the capacitance between the source and the 
drain at tbe turn off time of the TFT cao be reduced by 
making the mobility of tbe integrated circuit fall in a range 
from 100 to 300 cm'/Vs. 

The coo sinning power can be decreased by setting the 
switching time of the thin film transistor of the display pixel 
to 30 us-60 us. the switching time of the thin film transistor 
of the integrated circuit on image signal side to 3 us- 12 ps. 
and the switching time of tbe transistor of tbe driver to 0.01 
us-0.03 us. Also, tbe electromagnetic radiation can be 
decreased, the beat generation of the circuits can be 
decreased, the heat generation of tbe silicon can be 
decreased, and the area of the silicon element can be 
reduced. 

Precise manufacturing of the display pixel becomes pos- 
sible by setting the switching time of the thin film transistor 
of the display pixel to 30 us— 60 ps, tbe switching lime of the 
thin film transistor of the integrated circuit at image signal 
side to 3 us- 12 us. and the switching time of tbe transistor 
of the driver to 0.01 us-0.03 us. 

As the drivers arc collected to one side, the man-hours 
necessary for connection can be reduced. If tbe driver is 
collected to a short side, the area of the frame region relative 
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to the display area can be reduced. As the area of the glass 
substrate is small, the number of the glass substrates taken 
from one glass mother board increases, and the production 
cost can be decreased. When the drivers are collected to a 
long side, a fluorescent tube, serving as a back light of the 
photoconductive body type, is provided at a region under tbe 
drivers. The light from the fluorescent tube is projected in 
the short side direction of the back light. Therefore, irregu- 
larity in the light intensity distribution can be reduced. The 
light intensity of the fluorescent tube can be weak. Other 
devices can be mounted adjacent to the drivers. For instance, 
the size of a substrate of tbe timing convert or for converting 
signals for the CRT to signals for the I CD can be reduced or 
the substrate can be omitted. Tbe above effect is advanta- 
geous for deer easing tbe size of tbe liquid crystal display 
apparatus. 

Tbe electromagnetic radiation from the liquid crystal 
display apparatus can be reduced, and the leakage of data to 
others who may intercept the electromagnetic radiation can 
be prevented. 

As a second enibodimeni of the present invention, an 
embcKument of a lateral electric field type liquid crystal 
display apparatus will be described hereinafter. FIG. 11 is a 
partial plan view of a pixel in a lateral electric field type 
liquid crystal display apparatus. FIG. 12 is a cross sectional 
view taken along the line XII — XH in FIG- II. The scanning 
signal line 111 and the gate electrode 113 are made of 
chromium. The image signal line 137. the source electrode 
120. the drain electrode 13t. the pixel electrode 150. and the 
common electrode 154 are made of laminated film layers of 
AI and Cr. Tbe active layer lit of tbe TFT101 is made of a 
laminated film of a-Si which is separated into two layers 
which are 40 nm thick and 180 nm thick. Only the lower 
layer of the a- Si layer at the peripheral circuit portion is 
composed of a poly-Si film made by a laser annealing 
method. That is. the TFT at tbe circuit portion has two layers 
of film composed of tbe poIy-a-Si film and the a- Si film as 
an active layer. The n+a-Si layer 135 is formed between the 
source and drain electrodes and tbe active layer. Tbe pixel 
electrode 150 is formed in parallel to tbe image signal line 
137 in a strip shape. Tbe common line 154 is formed at the 
vicinity of the image signal line of an adjacent row in 
parallel to the image signal line. Tbe common line supplies 
a common voltage in a column direction in the display plane. 
Tbe liquid crystal is controlled in its alignment by an electric 
field in parallel to the surface of tbe substrate between the 
pixel electrode 150 and the common electrode 154. 

In accordance with the lateral electric field in the present 
embodiment, birefringence of tbe liquid crystal based on the 
viewing angle is rare, and so the range of the viewing angle 
for image display is wide. The liquid crystal capacitance is 
at most V) in comparison with mat of a conventional vertical 
electric field case. Further, the capacitances of the signal line 
and the scanning signal line are also reduced to approxi- 
mately a half of the conventional values. Accordingly, the 
writing time by tbe TFT of tbe pixel can be improved by fi ve 
times the writing time of a conventional device. Therefore, 
the TFT of the pixel is chargeable even if the mobility of the 
TFT is low. and an improvement in tbe performance of tbe 
poly- a -Si in the peripheral circuit can be realized without 
considering deterioration of the characteristics of the a-Si in 
the pixel. For instance, in tbe case of laser annealing, the 
substrate can be heated to approximately 400° C. In order to 
improve the characteristics of tbe poly a-Si film after the 
laser annealing, tbe forming condition of the a-Si film, a 
starting material, can be optimized. For instance, a film 
having a large amount of Si — H 3 bond is used. The Si film 
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made by a span ex log method having no hydrogen is laser 
annealed, and subsequently, hydrogen may be introduced 
into ihe Si film by a plasma hydrogenation method. Id 
accordance with the above described methods, the charac- 
teristics of the a- Si TFT is lowered, but the mobility of the 
poly-Si TFT can be improved to at least 30 cro 2 /Vs. A high 
precision liquid crystal display apparatus can be reali zed 
which as a fast operation. The channel width of the TFT can 
be reduced because the charging capacity has a sufficient 
margin. As the area of the peripheral circuit can be 
decreased, the outer peripheral area of the liquid crystal 
dispLay apparatus outside of the display region, can be 
reduced- The aperture ratio of the pixel is increased by 
miniarurization of the pixel TFT. and consequently, an 
improvement in the brightness of the liquid crystal display 
apparatus, and a reduction of the power cod sumption of the 
back light can be achieved. The power consumption can be 
decreased as much as the voltage, which is held by the liquid 
crystal capacitance during the off- time of the TFT. and the 
liquid crystal capacity are reduced. 

The liquid crystal capacitance of the lateral electric field 
type is small and apt to be affected. However, in the present 

f 3 embodiment, the pixel TFT is an inverted staggered TFT of 

a- Si aDd has a naturally low off- state current. Accordingly. 

M- 5 any affect of the voltage drop by the off- state current does 

UJ not exist. 

=ji In accordance with the present embodiment, the power 

"! jj consumption can be reduced because the capacity of the line 

d~ capacitor and the peripheral circuit for driving the line are 

jj I small. When the present embodiment is used in a portable 

information processing apparatus, advantages such as an 
Hj increased life of the cells, a reduction in the size of the 

yj apparatus, and a reduction io the weight of the apparatus can 

F be achieved. 

^~ The LCD in accordance with the present invention has 

~f further advantages for other portable information processing 

y3 apparatus. For instance, the LCD of tbe present invention is 

n | effective for apparatus wherein the power to process infor- 

~~ mation by an IC is supplied by cells, such as a portable 

^5?" telephone, portable game machines, and portable informa- 

r'j lion processors used in retail shops for a sales/order con- 

Li. trolling system. 

As a third embodiment, a liquid crystal display apparatus 
of reflective type mode using no counter substrate will be 
described hereinafter. FIG. 13 is a cross sectional view of a 
structure of the liquid crystal celL A coplanax type TFT 101 
is formed on a glass substrate 10. A protecting film 145 for 
the TFT is made of a polyamide resin, which is applied on 
the TFT by spin application, dried, and has its surface 
flattened A reflective pixel electrode 520 is formed on tbe 
protecting film 145. As for tbe liquid crystal, a polymer 
dispersed liquid crystal (PDLC) is used. The PDLC is a 
polymer film of which the pores are filled with a liquid 
crystal material, and is obtained by phase separation of a 
homogeneous solution of the liquid crystal material and the 
polymer material by polymerization reaction. Tbe liquid 
crystal was &8 made by BDH Co.. and a mixed solution of 
2-ethylhexyl acrylate. urethane acrylate. and phot ©polymer- 
ization initiator was used for the polymer material. After 
filling tbe mixed solution into the liquid crystal celL the 
PDLC was obtained by photopolymerization. After applying 
the mixed solution, the PDLC was obtained by curing the 
polymer components by photopolymerization reaction. As 
for a protecting layer, an organic film 204 was applied and 
formed on surface of the PDLC film. Material for the 
protecting film was the same as that of the polymer material 
for the PDLC. The counter electrode 1 65 of ITO was formed 
by a sputtering method at low temperature. 
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The PDLC can also be formed by a immersion process. A 
porous polymer film is formed by applying a polymer film 
coot aiding fine particles, and subsequently, eliminating the 
fine particles. For instance, a polyvinyl alcohol solution 
containing pcrfymethyl methacrylate particles of I urn in 
diameter is used. The application is performed by a spinner 
method. After drying, the applied film is immersed into 
chloroform The fine particles are dissolved to form open 
pores, and the PDLC is obtained by impregnating the pores 
with the liquid crystal. Because of no counter substrate, the 
liquid crystal cell cao be light in weight and thin in depth. 
Further, in accordance with the present eroc*odiment. it is not 
necessary to seal the liquid crystal cell at the periphery of the 
cell. Therefore, the liquid crystal display apparatus can be 
reduced in width by as much as the width of the sealing. 

FIG. 10 is a perspective view of a portable information 
processing apparatus using the liquid crystal display appa- 
ratus relating to the present invention. The informal ion 
processing apparatus is a note type personal computer 
having a communicating function and comprises a CPU 
board 9S0 mounted with information processing functional 
members, such as mainly microprocessors, rechargeable 
batteries 920 for supplying power to the whole system in the 
computer, a key board 5KM for numerical data input, a 
selective switch 901 for an information processing menu, 
and memory cards 960 for data storage. Tbe liquid crystal 
display formed by the substrates 10 and 12 is a transmitting 
type having a back light at a rear side of the display. Because 
tbe aperture ratio of tbe active matrix substrate had been 
increased, the utilization factor of the back light was 
increased, and consequently, the brightness of the LCD was 
improved. Further, sufficient brightness was obtained by the 
back light with small electric power, and accordingly, a 
thinning and weight reduction of the back light and a 
reduction in the size and weight of the battery, serving as the 
electric power source of the back light, could be achieved. 
Accordingly, directly or indirectly, the electronic processor 
including its container and structure members for support 
can be reduced in size and weight, and the portability of the 
note type personal computer can be improved. Further, the 
usable hours for each charge of tbe battery can be extended, 
and the convenience in use of the personal computer can be 
improved. 

Tbe LCD relating to tbe present invention can be effective 
for not only tbe note type personal computer described in the 
present crDbodimeoL but also for an apparatus for process- 
ing information using an integrated circuit driven by power 
from batteries, such as portable telephones, portable game 
machines, and portable information processors for managing 
sales/order in retail shops. 

FIG. 14 is a perspective view of a card type information 
processor using tbe liquid crystal display apparatus relating 
to the present invention. A display region 10 is formed on an 
opaque plastic substrate 15. An active layer of TFTs for the 
pixels is a-Si:HTFT layer made at a substrate ternpexature of 
150° C by ECR plasma CVD. The peripheral circuits are 
made of poly-Si TFT obtained by laser annealing the a-Si 
film, Because the laser annealing is performed by heating in 
a moment, the plastic substrate is no! damaged. The plastic 
substrate is safe without any concern for breakage due to its 
plastic material Further, the specific density of the plastic is 
approximately half that of glass, and accordingly, a reduc- 
tion of the apparatus in weight could be achieved. Tbe 
display mode of the liquid crystal is the reflective type. On 
account of the opaque nature, no shielding for light from the 
rear side of the display need be considered. The Liquid 
crystal is a PDLC liquid crystal formed by application. The 



